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RULESff THLU@FGl PASSIVE WLAR HEATIhiG*

J. r~qhs f3alcow
Los Al~,j Sc~ent~flc Laboratory

LOS A!ams, ww r&XiCO 87545

ABSTRACT

Rules of thumb are given for passive solar
~~st~s fur: 1) sizing solar glazing for
219 cltles, 2) sizing thermal storege mass,
and 3) building orientation.

1. INTRODXTION——

The LASL Solar LrYadRatio method has been
used to generate rules of thumb for sizing
solar collection area based on mcmthly
wather data for 219 sites in the U.S. arid
southern Canada. In cleveloplng these rulec
a nunher of factors have been considered.
A princinal Conslderntion has heen to
obta~n a high solar savi~gs fraction.
However it 1s also desired thaL the
hullding not be overglazed so that it will
uverheat in winter, It 1S assumed that
shading or sane other teCIYIiquS can be used
to prevent overheating problem in the
sunner.

In order that the rule of thunb for s!zlng
solar collection a.?a can be given as a
r~tio of the buildlng floor area, It 1s
necessary to assune a particular level of
mergy cofmervatlon w~thln the bdlld~ng,
Th(~ vallm?s assuned are given in Table f lr,
which the heating load 1s expressed in
terms o: a bulldlng load coefficient. The
VRIWS used are slightly tighter then the
AWRAt ‘?0-7S standard,

In Ord?r to determlru= performarwe, tlu? LASL
tilar LntId RatIn Method was usecl. The
mpthod ha h-n rfescrlhed in previous LASL
paptm]l 3 In which correlations for
Solar Hr?ntlng Fraction (SHF) arr glvfm os H
functlrrn of the ratio of nmnthly solar galrr
to mmthly lrx+d, It wns fcund deslrahle to
mcdlfy the corr~lntlons somewhat. in order
tn nmkr thrm rcpresentatlvt? of a ;oltir
%v!rqs Froctlrm (SW) lrmtmd of the .%]i~~
Hpat!rrg Fr~ctlon. TIWSP new correlntlnn~
nr~ olvr!,l In the ll~enr!ix,

Thr rilff~rmcr bdw~n Snlar Hcntlng
Frw!t.lon md Smlr Hv!ngs Frnctlrm lV
rilwil~wvl in RPf $/10 The d~flnlt.lon
of Snlar Ihwtln(, ml IIsrwf previously
1~ tfw rntln nf t,,:, .M:lII1 !:olltrlhlltlon to

actual net 10ad. The solar cmtribjtim
may include er,ergy which does not. represent
an actual solar savings. By contrast, the
Solar Savl.ngs Frac:.ion is the ratio of
solar savings t.o a net reference loaa which
is calculated maintaining the tuilding at
the desired thermcist.at set point.

Two key reasons fur the switch from 5HF to
SSF as a desi n criteria are the
followil-q: ‘?a In the design stage Lhe
actual load is mt know. Therefore lt 1s
Mt possible to predict auxiliary enercjy
uses accurately from a value of SW.
b) In cmsideriy the eccmomic merit of
the solar design it is appropriate to
corrpare it to a non-solar building, with
SSF, the use of a net reference load
DrovMes us this basis for comoarisan. The
reader 1s referred to References 3 and 4
for a mre c~iete discussion,

These rm?wSY correlathns were used
together with recently compiled weather
data given in Reference 5 to estimate
performance, The correlations are based on
a reference design described in dwttill in
Reference 4 and a thermostat setting of 65
F in the absence of internal heat. This lS

approximately e~ulvalent to a thernwtat
“&ttlng of 70-72 F with lnterrml energy
Qenaration corresponding to a normal
resldentlol ilppliCatlOnm

ArmthPr Consideration 1s that th? biilding
rut overheat in the winter, The limit used
1s that the averaue lnsidehulldicg
t~npcrature should rmt exceed 75 F durly
Awry clear-clay cmdltlons, This
●tabllshes m qer llmlt fur glazlng
area. The lower llmit is takerl arbitrarily
to be hulf tlw l~er llmlt, The purpusc ot
this 1s simply lo give n rangr of volucs s{)
that thr risslqner CRI1 wc tl]r ,:uru.l:quull~+u
or chu~ld[f~ Collm:llon flrcH.

A crltlcal ck(lslon the desl,~rler rrust fucc
1s wtwthrr or rwM to spc.clfy lnwll~tlrwl
covrr 1

Y
the gloz’nq Rt night., MJCI1

Jnsulnt oll 1s vrry rff~tlvel especially lrl
CO](1 Cllmtcum Irr nrdt?r to ml! this r?ffecl



ml
1

the performance estimates are Indicated for
cases with and without night insulation.
The night insulation value used is R9.

2. WLAR COLLECTION AREA

Rule of Thunb: “A solar collection area of
(Rl)% to (R2)% of the floor area can be
expected to reduce the mnual heating load
of a building in (locatl~n) by (S1)% to
(s2)%, or, if W night insulation is USed,
by (S3)% to (S4)%.”

where the values of Rl, R2, 51, S2, S3, and
S4 are selected from Table 11 for the
location of interest. It is recannendecl
that t% larger of the tw glazing area
valms given not be exceeded or building
overheating can be anticipated on clear
winter days.

The rule of thd is different For each
lccation. An exa~le lL the followlrq:

IIA ~l~r collection area of 12% to 23x nf
the floor area can b? expected to reduce
the fuel consu,ptlon of a build!ng irl Do@e
City, Kansas by 27% to 42%, or, lf R9 nloht
insu!.atlon is used, by 46% to 73%.”

An architect designing a building for Do&e
City ran use this rule directly to estimate
glazir)g area based on bulldlng floor area,

The above 1s an example for one specific
locatlon. Quantltatlve values can be
filled i!; for other locations from Table 11,

?:
A Cn@e City bulliling 1s to have

a nor area o; rnughly 16M sq ft. Thus
tk. glazed area irdicated by the rule of
thti w1ll be in tht range of 192 to 360 sq
ft. hut not to exceed 36J3 sq ft (73%).
wlthln Lhcse rough blwnds, onp r!an hegln
sr!hmnatic df!slgn.

The solar savings which would be realized
in this exmmple would he approximately ns
fnllows:

Snlar Snvlngs
GIFI?rrf Area s-
—e

w/o NI w/NI
77% “m

368 h?% 73%

C)lscdsslnni Thr kuildlnq !II f)o~r City IG
a;! Illr?li to ~~ deslcywcl to an enerqy
crmr!rvntion st.nnrfarrl of 4,6 Btu/tlPQree-d’y
per sl~mrc frx}t of ?lrx-m ~rep (excluslv~ of
thr solar glwlnq), This lnplles fairly
WP]l lnslli~tml wall% (R-19), cbuhlc
glazlnq, and mmhmtely low ~nflliratlrm
(T/h P!r rhnnqn prr hour ,AC}I)), Sllch FI
rrmqh ~%tlmat~ 1s sl;fflclmt for the
schnmatlc desl~ phrw+p, If thr hulld~r
krmws in nChHfICPthnt. the rfPsIqn wII1 hc to
n illlJdl rflffrrnn+ stnmlarrf, tho VHIIJ?S rn,l
hc rN1.lII%lPr! prrlpnrtlonnlly. F(u cx~lc,

if the &sign calls for 9 btu/lX-ft2, as
might follow from the use R-11 walls and
cej.ling and 1-1/4 ACH, the values of R1
and R2, would be sc~lea up from 0.12 and
0.23 to 0.18 and 0.35, requlriry 50% rrore
south glazing to achieve the same
performance.

The south glaz~.ng area requireu toes rmt
depend very greatly on the type ~a~ve
solar collector to be used (dire~i gain,
Trotie wall, etc.) assumim~ that thermal
storage is adequate so that venting of
excess heat wld not mrmally be required
ciurlng sunny mldwlnter weather. The
exception to this is direct gale, V:iLbWL
night insulation, fur which the performance
CarI be significantly lower. The values in
Table 11 were derived assumly that the
solar glazlrvg is half direct {;ain and
one-half water wall.

The rule of thumb ties deperm significantly
on whether night i~atlon is to be used.
With night insulation, much higher
performance is obtained, esimcially in cold
climates.

3. THERP#JL :,luwbtr.uias—

Rule or Thti: “A thermal storage mass or
at least 0.6 x SSF pcunus of water or 3 x
SY pcunds of msonry is reco~n~l~ for
each square foot cf south Qlazing, where
=F is the desired solar savltys (in
p~rcent). This assunes that the mass is in
the direct sun all day as, for exa~le, in
a water wall. In direct gain slt~lations
tni; 1s adequate thermal stol.ge provicko,
1) t,)e mss 1s kithln the direct gain Spac(j
or encloses the direct gain space, 2) the
mass is mt insulate~ from ttle spuce, and
3) the mss has arl exposed su:f”ar:e ared
equal to at least 3 t.l~s the glazed iir~:;l,
If msonry is used lt is rwt effective
beyond a depth O, 4“ tcI b“, mrasured fr~m
the surfoce, II the mnss 1s located
completely out of tile WI} in hack rrjum~l

then about fmr tlrims as mJch mass w!ll LW
needed,!’

lrl tnkllr furm this rule lG as tulluw:,:

‘). .



Discussion. The required ammnt of thermal
storage depends on the f’ractlon of building
heat supplied by solar, For Small values
of solar savings (less than X%), solar
heatlrq cmtributes principally to
offsetting daytime heating requirements and
little solal need be or can be stored. In
the range between 30% and 7G%solar
savlnas, solar heat wst be stored frcsn the
day through to the night, This diurnal
storage 1s b) far the most iwOrtant
consideration in most solar applications.
Ereyond 70% solar contribution, several-day
stora~e hecunes increasingly inportant and
is ersential in achievtng iCO% solar.

Thus the rea~n that the recumn?nded amount
of thermal storage per sq ft of colltctlon
area increases with solar fraclion is
because proportionally more heat must be
carried over frlJm the day into the night or
into pericds of cloudy wean -r.

d, ORIENTATION

Rule of throb: llThe orientation of the
main sollr glazlng should lie between 20
‘“~grtws east and 32 cfegres we.~t of true
south.”

Discussion. If ON adheres to this rul~ of
=tEclecrease ~il performance, c~arecl
to an optimr-m orientation, will nearly
always be less than lC% and, more
typically, will he less than 6$, Th6
optimum olientatlon for five sites studied
(Lllbuquerque, Madlscm, Mer’ford, Boston, and
Nashville) varies from 7 c?grees east of
true south to 15 degrees wst of true
sollthm The sverg~e for ttwsp cities show
th+ OptlmIMI tO be 6 CIPQree: WeSt Of SOUth,
with the following decrease in solar
savlncjs associated with variations frcnm ,1
trus smth orientation:

a 5% decrease at 18° east or YOo west
a 10%d2crea5e at 28° east or 4@ west
a X% decreaw at 42° east or Wo wsst

Note th~t this rule of thuriy 1s basad cvl
r~nsi:.lvlty calculations tine for Trombr
wall”, md water walls. Sunr desloners
prefer to irsl? snm rilrect gain or~cnted
r?rtst. or’ LL@ Gouth In ‘~wnk~up’! the
Iwl!ltlina early In thr nmrnlna. lhis si.t>n’;
tippropr!atc.

The reason that a slightly Wsterly
orientation 1s preferred is probably
related to the Phasing of the load relative
to that of the sm. Except for Santa mria
the solar rachat~on curves are reasonably
symmetrical abut solar noor. War heat
received in the Afternoon is slightly more
effective than that received in tne
nnrnirkg. A major part of the heatirq load
of the buildng occurs Jurirq the very late
night hours (r,icjht setback of the
thermstat was not assured in the
calculations). Heat stored in the morning
rrust be saved mch lon~er in ortir to be
effective in wtlstylng this load; heat
stored in the afternoon rrust be saved a
shorter period of time. AruXher way of
lookiry at it LS that Sol.sr heat gathered
in the nmrn!ng may sinply lead to Suilding
overheating ifl the afternoon whereas heat
gathered later in the day is nure easily
carried over into the night hours.
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AfPErWIX- ~LAR LOADRATIO CCRRELATICW
6“ mnmmwvlmrmmTuN

Far each nn~th of the ,ieatinq season, thu
r~tio S/Cl) is determined, where S is the
total monthly solar radiation transmitted
throuqh one sware foct of south facing,
vertical dmblp glazing a’,d CU is the base
65 F heating degree days.

Tt!en the solar saving ‘raction !5S) is
determined for each rrmtt, as follows:

ssF=l- K (l-F), where
F.AX, forX<R
F=B -Cexp(-DX), for X>R
FS1.~ for large X.

and where

k= 1 + G/LCR
X ❑ (S/~)/(LCll x K)

(X 1S the “Solar LoadRatio’’/K)

building load coefficient, exclusive
LCR = of solar qlazing

solar collect~on area

(LCR 1< the “LoadCollector Ratio”)

Constmts for the various passive systefl
types are as follows:

Tw 3.6
TwNI 0,5

Ww 5,0
WWNI 0,/

R 4 B c D

0.5 0,5213 1,0133 1,0642 0.6Q27
0.7 0,%2 .%66 1.1479 0.90Y7

0.6 0.3651 1.040E 1.0797 0.4607
1.0 0.4556 ,976? 1.?159 0,8469

1,3 0.4025 .9872 1,5053 0,9U54
1.2 O,wm ,9799 1.8495

ThpsP cnn5tantq were cit?termjned from
hmdreds of mnth-lunq hmr-hy-hmr
rnmputer shmulntions for a variety of
rlt.lm in urder to mlnlmlze the rms er;
In predicted mmual sSF,

Th~ annual 55F 1s then ohtalmri from the
WITI< rrf th~ rmnl. h!y vall~s, as fnl lows:

.:795

nr

TA5LE I

Values of Euilding Load Coefficient Used in
Determining the 5olar Glazing Rule of Thumb

Range of building Loea Coefficient
t!eatlcq Exclusive or the Soiar
Oegrec-Days wall

less than l@ 7.6
lm-m 6.6
m-m 5.6
5m - 7om 4.6
greater than 7C01 3.6

The Bulldirq L.al Coefficient is the
ackIitional dailj heat which will be
required to maintain a ore &’jree
Fahrenheit. increase in the bulld~ng inside
temperature lf the solar cciiectim wall
were to be roi’~itid with a perfect
insulator. For exa~le, if tile Im!at
required to maintain the building at 70 F
were determined to be 4CA0,0113dtu/day and
the heat recpJired to maintain the !~Ji*di~

at 71 F were determined to be 420,0CU
6tu/dav. then the buildim load coefficient
is eauai to the difrere,x~ or 20,003
Btu/’rky F.
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